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® A method for the specific detection of a target nucleotide sequence in a sample of genetic 
material. 
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® A method for determining the presence of a 
target nucleotide sequence in a sample of genetic 
material comprising placing the sample, in which the 
genetic material has been made available in single- 
stranded form, in contact, under hybridisation con- 
ditions, with a nucleotide probe substantially com- 
plementary to the target sequence, and detecting the 
formation of a probe/target hybrid, in which the 
probe/target hybrid is detected with the use of a 
monoclonal or polyclonal anti-nucleic-acid antibody 
adapted electively to distinguish double-stranded 
nucleotide sequences from single-stranded se- 
quences. 
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The present invention relates to a method for 
determining the presence of a target nucleotide 
sequence in a sample of genetic material. 

In order to determine the presence or the iden- 
tity of a specific nucleotide sequence in a genetic 
materia), for example, DNA, it has been proposed 
to denature the genetic material to bring it to the 
single-stranded form and to place the denatured 
genetic material in contact with a marked 
nucleotide probe which is fixed to a solid, insoluble 
substrate and has a sequence of bases comple- 
mentary to the target nucleotide sequence. The 
probe, in the single-stranded form, is marked with a 
substance which can provide a measurable signal 
or can generate a measurable signal. Alternatively, 
the single-stranded genetic material is fixed to a 
solid substrate and placed in contact with the 
marked probe. The single-stranded genetic ma- 
terial and the single-stranded probe are placed in 
contact under conditions which cause the probe 
and the target sequence to hybridise, and the for- 
mation of the probe/target hybrid is then detected 
by the direct or indirect detection of the signal 
associated therewith. 

U.S. patent No. 4,358,535 describes a method 
ojptfia aforesaid type which uses DNA probes 
mafted with radioactive isotopes. However, the dis- 
advantages associated with the use of radioactive 
njarkers are known. These disadvantages result not 
only from the precautions necessary and the risks 
iny&jved in handling radioactive materials but also 
fromrthe short life of the radioactive material and 
the costs involved in the use and handling of 
radioactive probes. 

Methods are also known which provide for the 
use of probes marked chemically by the incor- 
poration in the probe of a detectable molecule with 
a specific ligand containing a signal source such 
as, for example, avidin/biotin and hapten/antibody 
systems. All these methods, however, require the 
introduction into the DNA probe of a modifying 
agent which enables the hybrid to be detected 
directly or indirectly. 

These approaches require numerous steps, 
both at the analytical stage and at the preparatory 
stage; on the one hand, numerous incubation and 
washing sequences are required and, on the other 
hand, it is necessary accurately to select and stan- 
dardise all the components of the system for the 
association and detection of the signal. 

The object of the present invention is to pro- 
vide a method which completely eliminates ail the 
variables associated with the incorporation of the 
signal and at the same time achieves sensitivity 
levels comparable with those achieved by radioac- 
tive methods. 

A subject of the invention is therefore a method 
for determining the presence of a target nucleotide 



sequence in a sample of genetic material compris- 
ing the placing of the sample, in which the genetic 
material has been made available in single-strand- 
ed form, in contact, under hybridisation conditions, 

5 with a nucleotide probe substantially complemen- 
tary to the target sequence and the detection of the 
formation of a probe/target hybrid, characterised in 
that the probe/target hybrid is detected with the 
use of a monoclonal or polyclonal anti-nucleic-acid 

10 antibody adapted electively to distinguish double- 
stranded nucleotide sequences from single-strand- 
ed sequences. 

It has been found that it is possible to obtain 
antibodies, preferably monoclonal antibodies, which 

15 can distinguish single-stranded DNA from double- 
stranded DNA and that these antibodies can be 
used to detect the formation of specific hybrids. 
The method proposed thus completely eliminates 
all the variables associated with the incorporation of 

20 the signal since the signal is supplied by the 
nucleotide sequence itself as a result of the 
hybridisation reaction. The method is therefore suit- 
able for the specific detection and quantification of 
nucleic acids, be they DNA of synthetic or biologi- 

25 cal origin, or RNA of chemical or biological origin. 

Within the scope of the present invention, it is 
particularly preferred to use the anti-DNA mon- 
oclonal antibody designated 27-1 4-D9, produced 
by the Applicant. This antibody has the property 

30 that it recognises double-stranded DNA with an 
affinity 10 3 times greater than that which it has for 
single-stranded DNA Moreover, the antibody 27- 
14-D9 has the property, which is very rare for this 
type of molecule, that it does not fix non-specifi- 

35 cally to proteins, such as bovine albumin, which 
are normally used to saturate the solid phases. 
This combination of properties thus makes it a 
particularly suitable reagent for the proposed ap- 
plication. It is intended, however, that anti-DNA 

40 monoclonal antibodies useful for carrying out the 
method of the invention may be produced, for 
example by the technique described below. 

In order to carry out the method of the inven- 
tion, the oligonucleotide probe specific to the target 

45 DNA is preferably immobilised on a solid or insolu- 
ble phase. The probe can be immobilised by phys- 
ical or chemical methods or by interactions such as 
avidin/biotin, streptavidin/biotin and ligand/anti- 
ligand interactions. 

eo The probe may be immobilised on a solid or 
insoluble substrate constituted, for example, by 
polystyrene, polypropylene, polyvinyl, nylon, 
borositicate, cellulose or derivatives thereof, each 
material being provided in the form of tubes, 

65 dishes, macrospheres or microspheres; however 
the immobilisation may alternatively be carried out 
on a solid substrate of the denatured genetic ma- 
terial. 
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The genetic material containing the target DNA 
is amplified by the known amplification method and 
the amplification product is denatured thermally or 
chemically and then cooled so that it assumes and 
retains the single-stranded conformation and is 
then incubated with the solid phase to which the 
oligonucleotide probe is fixed. 

During the incubation, if the amplified DNA is 
complementary to the immobilised probe, the 
double-stranded hybrids of the probe and the tar- 
get DNA are immobilised on the solid phase. 

The DNA which has not reacted with the probe 
is removed by washing. Under these conditions, 
the only double-stranded DNA present in the sys- 
tem is the specific hybrid generated on the solid or 
insoluble phase. 

At this point an anti-DNA antibody which can 
react electively or selectively with double-stranded 
DNA is added to the system. The antibody may be 
marked with a substance which can provide a 
measurable signal. For this purpose enzymes such 
as peroxidase, alkaline phosphatase, urease, beta- 
galactosidase, or fluorescent substances such as 
fluoroseine, rhodamine, Texas-Red or 
cheml luminescent substances are preferably used. 
The antibody which is not fixed is removed and the 
signal associated with the antibody, which confirms 
that specific hybridisation has taken place between 
the probe and the target DNA, is detected. 

Alternatively, if the antibody is not marked, a 
ligand which can react with the antibody itself may 
be added, the ligand in turn being marked with a 
substance which can provide a measurable signal 
of the type indicated above, and the unreacted 
ligand is then removed. 

The analytical scheme outlined above has 
been applied, in particular, to the detection of the 
genome of the hepatitis B virus (HBV), amplified in 
certain regions, and demonstrates the validity of 
the method in terms of sensitivity, simplicity, speci- 
ficity and reproducibility. 

Example 1 

The DNA in the serum of patients infected by 
hepatitis B was amplified with the use of two prim- 
ers complementary to two segments, 447 bases 
apart, of the "core" gene sequence. For the am- 
plification reaction, 1 ul of serum was mixed in an 
Eppendorf tube containing 10 ul of amplification 
buffer (670 mM Tris HCL pH 8.8. 166 mM (NH 4 )- 
2 SO*. 15 M MgCb, 100 Mm beta-mercaptoethanol, 
1 mg/ml bovine albumin) with 200 jimoles of each 
of the four nucleotides, 50 pmoles of each of the 
two primers and 5 units of Taq polymerase en- 
zyme. The DNA was amplified by thermal cycles 
alternated with hybridisation, elongation and de- 
naturing cycles. The amplified DNA was then de- 



tected by the method of the invention. An 
oligonucleotide complementary to a portion within 
the amplified segment was biotinilated for use as a 
probe for picking up the amplified DNA. The 

s biotinilation reaction was effected by the mixing of 
the denatured probe in a 0.1 M pH 8.5 borate buffer 
with 500 moles of biotin-N-hydroxysuccinimlde, 
that is, an excess. The reaction took place at 
ambient temperature over 16 hours and the 

ro biotinilated probe was then separated from the free 
biotin in a Sephadex G15 column. The material 
recovered was precipitated with sodium acetate 
and ethanol and resuspended at the desired con- 
centration in pH 7.5 Tris-EDTA buffer (10 mM Tris 

75 1 mM EDTA). The probe was immobilised on a 
solid phase (polystyrene dishes) pre-coated with 
BSA streptavidin. The dishes were incubated for 16 
hours at ambient temperature with 100 ul of TE 
solution containing 10 ng of the probe. The excess 

20 probe was then removed by two washings in TE, 
one washing in O.lxSSC, 0.2% SDS and a final 
washing in TE. The dishes obtained may be used 
immediately or, alternatively, may be kept for sev- 
eral months at 4°C or in a damp environment. 

25 In order to hybridise the amplified DNA with 
the probe immobilised on the solid phase, the DNA 
was denatured for 10 minutes at 100°C and cooled 
for 10 minutes to 4°C. The DNA was then diluted to 
the desired concentration in hybridisation solution 

30 containing, per one ml, 220 g of Ficoll, 220 g of 
polyvinylpyrrolidone, 200 ug BSA, 8.7 mg NaCI 
and 4.4 mg sodium citrate, pH7. 

" The solution was then added to the dishes and 
hybridised at 50°C for 1 hour. The amplified DNA 

35 which had not hybridised was then removed by 3 
washings in O.lxSSC and 0.2% SDS and a final 
washing in TE. 

The hybridised DNA was then detected by a 
monoclonal antibody specific to double-helix DNA. 

40 This antibody was obtained by the fusion of spleen 
cells from a 12-month-old mouse of the strain 
MRL/1pr. The selection of this particular type of 
animal was suggested by the fact that mice of this 
strain develop a genetically transmissible disease 

45 characterised by a syndrome similar to that of 
lupus erythematosus. From a certain age, these 
animals therefore spontaneously develop large 
quantities of autoantibodies amongst which those 
specific to double-helix or single-helix DNA pre- 

so dominate. Many antibodies which could recognise 
DNA were obtained from the fusion but. of these, 
only 3 could distinguish double-helix DNA from 
single-helix DNA. These antibodies were identified 
by direct binding tests with the use of native or 

55 denatured DNA on a solid phase. After cloning, one 
of these 3 hybridomas, designated 27-1 4-D9, was 
found most suitable for detecting the hybridised 
DNA. 
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The antibody 27-1 4-D9 was then incubated for 
2 hours at 37°C In the dishes containing the am- 
plified DNA. After 4 washings with 0.05% PBS- 
Tween, the antibody fixed to the hybridised DNA 
was detected by means of a second antibody spe- 
cific to mouse immunoglobulin and marked with 
peroxidase. This last step may be omitted and the 
antibody 27-1 4-D9 marked directly with an enzyme 
which can develop a colorimetric reaction. After the 
addition of the enzyme to the specific substrate, 
the colorimetric reaction is read by a spectrophoto- 
meter. Figure 1 shows the results obtained with 
various quantities of amplification mixture from the 
serum of patients with hepatitis and from normal 
serum. The results are expressed as the optical 
densities read by the spectrophotometer. 

Example 2 

Graduated quantities of human genome DNA 
were spotted onto two nitrocellulose filters and 
fixed by incubation at 80°C in a vacuum oven. The 
filters were pre-hybridised for 4 hours at 37°C. One 
of the two filters was then hybridised for 4 hours at 
60°C with a 48-base oligonucleotide complemen- 
tary to a part of the sequence of the C alpha gene 
of the human T-cell receptor. 

The hybridised and non-hybridised filters were 
then incubated for 2 hours at 37°C with 10 ug of 
the antibody 27-1 4-D9, washed and reincubated for 
1 hour at 37°C with 100 ng of rabbit antibodies 
specific to mouse immunoglobulin and marked with 
peroxidase. After 3 washings the filters were in- 
cubated with a precipitating colorimetric substrate 
and the reaction was stopped after 15 minutes. 

The colorimetric reaction was detectable only 
on the filters hybridised with the oligonucleotide. 
No signal was detected on the non-hybridised fil- 
ters. In its current state, the method can detect 5pg 
of genome DNA. 

The scope of the present invention thus ex- 
tends both to the use of a polyclonal or monoclonal 
anti-nucleic-acld antibody, which can electively re- 
cognise double-stranded nucleotide sequences, for 
detecting hybridisation between complementary 
single-stranded nucleic acid sequences, and to di- 
agnostic kits including an anti-nucleic-acid antibody 
suitable for carrying out hybridisation tests. 

Claims 

1. A method for determining the presence of a 
target nucleotide sequence in a sample of ge- 
netic material comprising placing the sample, 
in which the genetic material has been made 
available in single-stranded form, in contact, 
under hybridisation conditions, with a 
nucleotide probe substantially complementary 
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to the target sequence, and detecting the for- 
mation of a probe/target hybrid, characterised 
in that the probe/target hybrid is detected with 
the use of a monoclonal or polyclonal anti- 
nucleic-acid antibody adapted electively to dis- 
tinguish double-stranded nucleotide sequences 
from single-stranded sequences. 

2. A method according to Claim 1 , in which the 
anti-nucleic-acid antibody is marked with a 
substance which can provide a measurable 
signal. 

3. A method according to Claim 1, in which the 
antibody is not marked and the product of the 
reaction between the probe/target hybrid and 
the antibody is detected by the addition of a 
ligand marked with a substance which can 
provide a measurable signal and which can 
react with the antibody, followed by the re- 
moval of the unreacted ligand. 

4. A method according to any one of Claims l to 
3, in which the target nucleotide sequence is a 
viral DNA sequence. 

5. A method according to Claim 4, in which the 
nucleotide sequence is a sequence of the 
hepatitis B virus. 

6. A method according to any one of the preced- 
ing claims, in which the antibody is an anti- 
DNA monoclonal antibody. 

7. A method according to any one of Claims 2-6, 
in which the substance which can provide a 
measurable signal is selected from the group 
consisting of radioactive isotopes, enzymes, 
fluorescent substances and chemiluminescent 
substances. 

8- A method according to any one of the preced- 
ing claims, in which the probe is immobilised 
on a solid substrate. 

9. A method according to any one of Claims 1 to 
7, in which the genetic material containing the 
target sequence is denatured and amplified 
before it is incubated with the probe. 



10. The use of a polyclonal or monoclonal anti- 
nucleic-acid antibody which can electively re- 
cognise double-stranded hybridised nucleic- 
acid sequences in order to detect hybridisation 

55 between complementary single-stranded nu- 

cleic acid sequences. 

11. A diagnostic kit for carrying out hybridisation 
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tests between a target nucleotide sequence 
and a nucleotide probe, characterised in that it 
includes an anti-nucleic-acid antibody adapted 
eiectively to distinguish double-stranded 
nucleotide sequences from single-stranded se- 5 
quences. 
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